Introduction


Since the 1970s, and particularly after the collapse of the Bretton Woods system, followed by the first acute, deep oil crisis, there has been a global trend of reducing the barriers to free international trade and of establishing a clear process of international financial liberalization (Obstfeld, 1998 Simultaneously, in Europe, a remarkable process of integration has taken place mostly with the aim of guaranteeing the stability and security of the continent. This process started with the common undertaking of six countries and has evolved into the European Union (EU), at present incorporating 28 member states. The establishment of the Economic and Monetary Union (EMU) in 1999 was supposed to accelerate the process of economic consolidation and financial integration both between the countries in the euro area and across the EU as a whole (Cabral et Under these conditions, the EU countries have been subject to different types of integration: an international form, following the general process of globalization, and the specific processes of European integration not only into the EU, but also into the EMU.
However, there is no clear consensus on evidence of the increasing consolidation and integration of European markets. Some empirical studies have even concluded that European financial markets are far from integrated (Centeno and Mello, 1999 shyap, 2009). For different EMU members, Hartmann et al. (2003) found no support for the argument that financial integration leads to convergence in financial structures. Baele et al. (2004) considered five key euroarea markets (money, government bonds, corporate bonds, banking/credit, and equity markets) and concluded that these distinct market sectors have attained different levels of integration.
With regard to interest rates in the EU countries, several empirical studies, mainly using harmonized statistics such as the 'IMF interest rates' available since Kleimeier and Sander (2000), using cointegration analysis, provided evidence of the degree of integration of the interest rates in six core EU countries, Japan, and the US for the 1985-1997 period, concluding that there was a convergence process, particularly with respect to spreads, but only at the regional level rather than as a global phenomenon. They also concluded that European lending rates were not yet fully integrated and noted that the segmentation of European financial markets posed an additional challenge to the implementation of a unified monetary policy. Arghyrou et al. (2009) tested the convergence of real rates in the EU, using the EMU average as a benchmark. Following the methodology proposed, among others, by Ferreira and León-Ledesma (2007), they applied an augmented Dickey-Fuller test and, using monthly rates provided by DataStream for the 1996-2005 period, obtained empirical evidence of convergence.
To our knowledge, not many papers have addressed the controversial issue of financial integration across the EU member states, comparing it with global financial integration and taking into account the possible influence of the recent international crisis. This paper aims to contribute to the literature on financial integration, providing empirical evidence of the convergence of interest rates across the EU member states during the 1999-2014 period and comparing these results with the convergence of the interest rates of other developed European and non-European countries. By borrowing the concepts of beta-and sigmaconvergence from the economic growth literature and adopting panel estimates and the methodology proposed, among others, by Baele et al. (2004) , we aim to answer to three specific questions:  Is there a clear process of interest rate convergence across the EU countries and is it more evident than the global process of convergence across some relevant European and non-European developed countries?  Is it possible to identify different patterns and speeds of approximation of EU and non-EU countries' rates towards the German and US interest rates?  Did the recent international financial crisis provoke the same kind of reactions in interest rate convergence across EU and non-EU countries?
The remainder of this paper is structured as follows.
The next section presents the data used and the adopted methodology. Section 2 reports the obtained empirical results and final section summarizes and concludes.
1. Data and methodology 1.1. Data. The use of the available AMECO series is a guarantee of the compatibility of all data. We select the series of nominal and real (using both the private consumption and GDP deflators) long-term and short-term interest rates and yield curves. These allow us to compare the evolution of the degree of integration between all current EU member states and some developed non-EU countries.
With these series, we calculate, for each of the selected countries, the differences between the country's rate and the two chosen benchmarks: Germany's rate and US's rate 1 . Thus, for all EU countries included in our panels, we consider the following variables:
1. ILN = Nominal long-term interest rate 2. ILRC = Real long-term interest rates, using the private consumption deflator 3. ILRV = Real long-term interest rates, using the GDP deflator 4. ISN = Nominal short-term interest rates 5. ISRC = Real short-term interest rates, using the private consumption deflator 
where r represents interest rate, i and t denote the country and time indices, respectively, α is the independent term, and ε i,t is the error term, denoting the exogenous shocks that force the interest rate differentials between the considered countries.
The presence of negative betas signals convergence to the averages of the series, and the magnitude of the betas denotes the speed of this convergence.
Sigma-convergence estimations.
From economic growth literature, we can also borrow the widely used concept of sigma-convergence, which typically measures the dispersion of the per capita income across a group of regions or countries. Sala-i-Martin (1994, 1996) defends beta-convergence as a more interesting measure of convergence and demonstrates that betaconvergence is a necessary, but not a sufficient condition for sigma-convergence. Nevertheless, beta-and sigma-convergence are usually considered as complementary measures and are used together in many empirical convergence studies. The main idea behind sigma-convergence is that all regions or countries converge to the same level of economic output and sigmaconvergence can be defined as the lowering of variance of real GDP per capita among these regions or countries, representing the catching-up effect during the considered time period.
As in growth studies, financial integration literature considers that sigma-convergence occurs when the cross-sectional standard deviation of a variable, such as an interest rate, is decreasing over time (see, for instance, Adam In this paper, we want to test the convergence of the interest rate series to the chosen benchmarks (either German or US interest rates) to estimate the following model:
represents the difference between the country's i interest rate and the correspondent benchmark's rate at moment t,
r denotes the difference between the country's i interest rate and the correspondent benchmark's rate at the moment t− 1, is the independent term, and i,t is the error term.
The value of the sigma is supposed to be negative and represents the rate of convergence towards the correspondent benchmark; so, the larger the absolute value of sigma is, the faster the cross-sectional convergence to the chosen benchmark (either the German or the US rates) will be.
Testing cointegration.
Here cointegration is tested with the implementation of the four panel tests developed by Westerlund (2007) and Westerlund and Edgerton (2007), which test for the absence of cointegration by determining whether individual panel members are error correcting. These tests are flexible, work well in unbalanced, heterogeneous, and/or relatively small panels and allow for dependence both between and within cross-panel units.
The application of these panel cointegration tests to the i series included in one panel considers, for each moment t (during the time interval t = 0,…,p), the following errorcorrection model:
These Westerlund cointegration tests provide four test statistics: Gt, Ga, Pt, and Pa.
The Gt and Ga statistics test H0: a i = 0 for all i versus H1: a i < 0 for at least one of the series, i, starting from a weighted average of the individually estimated coefficients a i and their respective t-ratios.
The Pt and Pa test statistics consider the pooled information of all panel cross-section units to test H0: a i = 0 for all i versus H1: a i < 0 for all crosssection units. Thus, the rejection of H0 must always be taken as the rejection of cointegration for the whole panel. Any single cross-unit can cause the rejection of H0 and it is not possible to identify which cross-unit is responsible for this rejection.
Empirical results
In this section, we present the results obtained for the defined panels. Here, we report first the results obtained for the beta-convergence estimations with equation (1), then those obtained for the sigma-convergence estimations with equation (2), and, finally, we complement our analysis with the results obtained with the Westerlund cointegration test. Table 1 provides the results obtained for beta-convergence with the estimation of equation (1) using panel fixed effects estimates, which Hausman tests revealed to be more adequate than random effects estimates 1 . Panel fixed effects estimations assume that the individual country-specific effects are random variables that are allowed to be correlated with the explanatory variables; these estimates are clearly adequate when we are only interested in analyzing the impact of variables that vary over time, as with the considered series of interest rates.
Results obtained with the beta-convergence estimations.
( Table 1 Аround here)
From the results reported in Table 1 , we can see that the statistical significance of the results for the coefficients and the independent term are, in general, acceptable, especially for the beta coefficients. Moreover, in all situations, the betas are negative and statistically very significant, indicating the clear presence of convergence in the considered interest rate series across the countries included in the panels.
The comparison of the results obtained for the two panels of countries allows us to conclude that not only beta-convergence is a reality among the EU member states' interest rates included in Panel 2, but also, and sometimes even with a higher speed of convergence, among the interest rates of these countries and the other developed countries included in Panel 1.
The results obtained for the long-term and the shortterm series reveal that, in general, and in both panels of countries, the magnitude of the betas is higher in the short term than in the long term. This tendency is also confirmed by the statistically significant yet not very strong speed of convergence of the 'yield curve', which, according to the definition of the AMECO database, is the difference between the nominal longterm and the nominal short-term interest rate series. These results allow us to conclude that, in general, for the universe of the considered EU and non-EU developed countries, in spite of the recognized heterogeneities and different individual consequences of the crisis for each country, after 2008, there was a remarkable increase in the speed of convergence of the countries' interest rate series.
Results obtained with the sigma-convergence estimations.
In Table 2 , we present the results obtained with the estimation of equation (2), which tests the sigma-convergence, that is, the crosssection dispersion and the possible convergence of the interest rate series to the chosen benchmarks (here either the German or the US rates). We go on following the indications of the Hausman test, which recommends the results obtained with panel fixed effects estimations, assuming that the individual country-specific effect is correlated with the independent variable.
( Table 2 Аround here)
The results provided in Table 2 reveal that there is clear cross-sectional convergence towards the benchmarks, as the obtained sigma coefficients are always negative and statistically very significant.
With regard to the speed of convergence to the benchmarks (the absolute values of the sigma), they have similar patterns in both panels, but, in general, they are slightly higher in Panel 1 than in Panel 2, revealing that there is evidence of convergence to the considered benchmarks not only among all the EU member states, but also, and with more intensity, among these and the other developed countries included in Panel 1.
In all situations, and in line with the previous results obtained with the beta-convergence estimations, the speed of the sigma-convergence is always higher for the short-term than for the longterm interest rate series.
In both panels, the real interest rate series (both using the private consumption and the GDP deflators) almost always converge faster to the benchmarks than the nominal rates, and this is true both for the long-term and the short-term rates.
Moreover, for the long-term interest rates in the two panels and for the short-term interest rates in Panel 1 only, the speeds of convergence towards the benchmarks are higher during the years before the recent crisis (Panel 1-A for the 1999-2008 period) than when we also include the years of the crisis (Panel 1-B for the 1999-2014 period).
The results obtained for the short-term interest rates in Panel 2, which only includes the 28 EU member states, reveal, on the one hand, that the nominal rate (which is often considered to be a proxy for the monetary policy rate) continues converging at similar speeds before and after the crisis, while, on the other hand, the real interest rates series, both considering the private consumption and the GDP deflators, clearly show in Panel 2-B the increasing convergence of the EU real short-term interest rates, particularly to the German rates, reflecting the efforts of the EU economies to overcome the problems provoked by the financial crisis.
In what concerns specifically to the convergence towards the two benchmarks, there are clear differences in the speeds of adjustment across interest rate series and time periods.
For the years before the crisis (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) , there is clear evidence that in both panels, almost all interest rate series converge with a higher speed of adjustment towards the German rates; the exception is the nominal short-term interest rate, which slightly converges more towards the US rate.
The situation changes after the crisis, as for the time period including the years of the crisis (1999-2014), and again in both panels, only the real short-term rates (both considering the private consumption and the GDP deflators) continue to converge towards the German rates with higher speed than towards the US rates. However, for the real long-term rates the speed of adjustment is clearly higher towards the US rates.
Results obtained with the Westerlund cointegration test.
In order to complement our previous analysis, we present in Table 3 the p-values obtained with the Westerlund cointegration test for each of the considered panels of countries and time periods (the values of the statistics and the Z-values are also available and will be provided on request).
( Table 3 Аround here)
The cointegration results presented in Table 3 reveal that there are no main differences across the considered panels of countries. In all situations, the results obtained for the considered universe of 35 developed countries in Panel 1 are in line with the results of Panel 2, where we included only the EU member states.
According to these results, the cointegration of the individual countries' rates and the German rates cannot be rejected for the majority of the series. The exceptions are to be found mostly for the nominal long-term rates, but only for the time period including the years of the crisis (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) , and also for the yield rates (which represent the difference between the long-term and the short-term nominal rates), but only for the years before the crisis (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) .
In what concerns the cointegration with the US rates, the results for the yield rates are completely in line with those obtained for the cointegration with the German rates. In both panels of countries, cointegration cannot be rejected for all considered shortterm rates, but this is not so clear for the long-term rates. A more detailed observation of the results obtained for the long-term rates allows us to conclude that in almost all situations cointegration can clearly be rejected for the nominal rates and for the real rates using the private consumption deflator, but only before the financial crisis (the 1999-2008 period). In addition, for the other long-term real series cointegration cannot be completely rejected, particularly taking into account the results of the Pt and Pa statistics, which consider the pooled information of all panel cross-section units (here, the included developed EU and non-EU countries).
Summary and conclusions
This paper contributes to the literature by using panel data estimations to test beta-and sigma-convergence and also cointegration across the EU countries' interest rates and the speeds of their convergence towards two specific benchmarks: German and US interest rates.
The data are sourced from AMECO and include the available series of both nominal and real long-term and short-term interest rates covering the 1961-2008 period. The analysis considers two panels of EU countries: one including all the countries for which AMECO provides the used interest rate series and another with all the current EU member states. In both situations, the possible influences of the recent global financial and European debt crisis are taken into account.
The empirical findings allow us to conclude that:
1. There is a clear process of European integration, namely in what concerns the convergence of interest rates, which may be considered as part of the global process of integration. More precisely, there is clear evidence of beta-convergence not only among the interest rates of the 28 EU member states, but also among the interest rates of the EU and non-EU developed countries that we considered in our analysis. This conclusion is reinforced by the cointegration test results, as in all reported situations, the values obtained for Panel 1 with 35 developed countries are completely in line with those obtained for Panel 2, where we include only the 28 EU countries. 2. It is possible to identify different speeds of convergence towards the benchmark rates of different series of interest rates in the two panels of countries. In general, in both panels, the sigmaconvergence is higher for the short-term than for the long-term interest rates. However, it is not evident that the interest rates of the EU countries always converge more to Germany's or to the US's rates. In addition, the cointegration tests do not reveal clear differences in the possible existence of cointegration between each of the interest rate series and the two considered benchmarks (the German and the US rates). Considering the years before the recent international financial crisis (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) , the results reveal that in our two panels of developed countries (the first with EU and non-EU countries and the second with only the 28 EU memberstates), almost all interest rate series converge with a higher speed of adjustment towards Germany's rates, with the exception of the nominal short-term interest rate, which slightly converges more towards the US's rates.
On the other hand, when we include the years after the crisis, that is, considering the 1999-2014 period, and again in both panels of countries, only the real short-term rates continue to converge towards Germany' rates with a higher speed than towards the US' rates. However, with regard to the real long-term rates, the speed of adjustment is clearly stronger towards the US's rates. 3. Furthermore, the results obtained not only allow us to conclude about the importance of the recent international crisis for the interest rates' convergence, but also reveal that the speed of this convergence clearly increased after the crisis not only in the EU, but also in the other non-EU developed countries included in our analysis.
Further research is needed to analyze the complex process of financial integration and to clarify the factors that affect economic agents, both on the supply and on the demand sides of financial markets. This is particularly relevant at a time when the world is still undergoing a deep economic and financial crisis that has affected market structures and showed the heterogeneity across EU and non-EU countries with remarkable differences in their robustness in dealing with financial turbulence. P > t  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
